Objective: An increased tendency towards thromboembolic events is observed in patients with Cushing's syndrome. There are much fewer publications available about thromboembolic complications in patients with subclinical Cushing's syndrome (SCS). Therefore, a question arises whether hemostatic disturbances appear in this particular disease phase. Aim of study: Estimation of protein C (PC), free protein S (FPS), antithrombin (AT) activity, thrombomodulin (TM) concentration and activated PC resistance (APCR) in patients with SCS. Materials and methods: We studied 35 patients with SCS. The control group consisted of 33 healthy volunteers. The activity of PC, AT, FPS, APCR and the concentration of TM was estimated in all representatives.
Introduction
Endocrinopathies can variously modify coagulation and fibrinolysis mechanisms. Glucocorticoids are the group of hormones that are thought to have a particularly strong impact on the hemostasis balance. An increased tendency towards thromboembolic events is observed both in patients with endogenous hypercortisolemia and the ones treated with steroids (1) (2) (3) (4) . Epidemiological studies show that the incidence of thromboembolic complications in patients suffering from hypercortisolemia is fourfold higher than in a population without hormonal disturbances (1, 2, 5) . The outcome of the procoagulation activity of this group of steroids results from a direct influence of hypercortisolemia on particular elements of coagulation and fibrinolysis systems as well as from the pathology of hemostasis occurring in metabolic disturbances that develop in this endocrinopathy. An increased concentration of plasma coagulation factors, especially von Willebrand factor (vWF), VIII, IX or fibrinogen, was repeatedly confirmed in patients with hypercortisolemia (5, (6) (7) (8) (9) (10) (11) (12) . There are also reports about the indirect impact of hypercortisolemia on thrombocytes activity (10) . As mentioned above, hypercortisolemia results in fibrinolysis inhibition, mainly through its influence on the concentration of plasminogen activator inhibitor-1 (PAI-1) that expresses the highest affinity with plasminogen activators (PAI) (13, 14) .
The studies estimating the hemostasis system and confirming an increased prothrombotic risk in patients with Cushing's syndrome are quite frequent. There are, undoubtedly, much fewer publications available about thromboembolic complications in patients with subclinical Cushing's syndrome (SCS). It probably results from the lack of precise diagnostic hormonal criteria for SCS. No matter which test has been chosen to estimate hypercortisolemia and what cortisol concentration in dynamic tests is, there is a definition which says that in patients with SCS we observe an autonomous production of glucocorticoids without typical clinical symptoms of hypercortisolemia. This pathological cortisol production, which results in some suppression of the pituitary-hypothalamus axis, is observed in 5-20% of patients with incidentally diagnosed adrenal tumours (incidentalomas) (15) (16) (17) (18) (19) (20) . A review of currently available literature reveals a sole report estimating only three basic parameters of the coagulation system in patients with SCS (21) .
Therefore, a question arises whether coagulation disturbances, which increase the risk of development of thromboembolic complications, appear in this particular disease phase. A review of the literature does not give an answer to this question. Particularly, the issue of endogenous anticoagulation system is vague, as activity in patients with SCS has not been estimated yet. This problem seems to be of major importance for making the decision to determine whether and when an anticoagulant prophylaxis should be initiated in patients with hypercortisolemia and for establishing additional indications for surgical treatment of the incidentally diagnosed adrenal tumours.
Aim of study
Estimation of protein C (PC), free protein S (FPS), antithrombin (AT) activity, thrombomodulin (TM) plasma concentration and activated PC resistance (APCR) in patients with SCS.
Materials and methods
In this cross-sectional study, we studied 35 patients (25 women and ten men with mean age 56.0G15.0 years) hospitalised in the Department of Endocrinology and Internal Medicine, The Medical University of Gdań sk, who were diagnosed with SCS based on the hormonal diagnostics of an adrenal tumour. Those patients were selected from the group of 200 patients with adrenal tumours incidentally diagnosed by computed tomography examination, who had undergone hormonal diagnosis. The study took 3 years to complete. Patients with an acute or chronic symptomatic infection, neoplasm, systemic connective tissue disease, diabetic complications, features of kidney and liver failure, women using contraception or hormone replacement therapy, patients recovering from a thromboembolic episode in last 6 months or taking oral anticoagulants were excluded from the study.
The diagnosis of SCS was made on the basis of lack of suppression of serum cortisol levels after an overnight 1 mg dexamethasone test (O50 nmol/lZ1.8 mg/dl) and at least one of the following criteria: disturbed diurnal cortisol rhythm (serum cortisol at 2400:0800 h %ratio O50%), decreased morning ACTH level (%10 pg/ml) or increased 24 h urinary excretion of cortisol. None of the patients could meet the criteria of cortisol suppression using the dexamethasone test. The analysis of other hormonal divergences in the estimated group of patients revealed that 20 of them presented diurnal cortisol rhythm disturbances, 15 had their ACTH concentration suppressed and in nine we assessed an increased cortisol level in 24 h urine (but in no cases it exceeded the reference value by more than twofold). In the patients, we conducted a low-dose dexamethasone test (0.5 mg orally every 6 h for 2 days), which confirmed the lack of suppression of serum cortisol levels (O50 nmol/lZ1.8 mg/dl) in all of them. A complete physical examination was performed in all patients. According to the definition of SCS, none of the patients included in the study presented specific clinical signs of glucocorticoid hormone excess like: moon face, buffalo hump, truncal obesity with thin limbs and proximal myopathy or purple striae (18, 20, 21) .
All hormonal assays were performed in the same laboratory with standard laboratory kits. A solid phase, two-site sequential chemiluminescent immunometric assay (Immulite 1000 ACTH, Siemens Healthcare Diagnostics, Llanberis, Gwynedd, UK), was used to measure plasma levels of ACTH. The sensitivity for ACTH assays is 10 pg/ml, which was the minimum value that can be estimated with reagents used in this study. Calibration range for this method is 10-1250 pg/ml. Samples with values below sensitivity threshold were defined as !10 pg/ml.
Serum and urine levels of cortisol were measured using a chemiluminescent microparticle immunoassay (Architect Cortisol Reagent Kit, Abbott Laboratories Diagnostics Division).
For the metabolic disturbances, assessment of blood pressure and anthropometric measurements such as weight and height were evaluated in all patients. On the basis of those measurements body mass index (BMI) was calculated (body weight divided by the square of height). In addition, the following biochemical parameters: lipidogram (total cholesterol, triglycerides, HDL cholesterol and LDL cholesterol), fasting glucose and oral glucose tolerance test, were estimated using routine procedures.
In the investigated group, 13 patients (37%) were overweight or obese (mean BMI 27.4 kg/m 2 ), 20 (57%) were either diagnosed de novo or previously treated for hypertension, 16 (45.7%) fulfilled the criteria for diabetes, impaired glucose tolerance or impaired fasting glycaemia.
The control group consisted of 33 healthy volunteers: personnel of our department and members of their families (19 women and 14 men in mean age 53.3 G17.7), who matched for BMI (mean BMI 26.9 kg/m 2 ). The control subjects presented complete suppression of serum cortisol levels to !50 nmol/l (1.8 mg/dl) after an overnight 1 mg dexamethasone test.
Blood samples were collected from the elbow vein after 30 min of rest in supine position, in the morning hours after overnight fasting. After centrifugation, the plasma was aliquoted into microfuge tubes frozen and stored at K70 8C until assay.
In all subjects, the analysis of PC, FPS, AT activity, APCR and TM concentration in venous blood was determined. All assays were performed at General Clinical Laboratory of University Clinical Centre. PC and AT activity was assayed by colorimetric method with chromogenic substrate using following reagents: Berichrom Protein C and Berichrom Antithrombin III (A) (Siemens Healthcare Diagnostics, Marburg, Germany). APCR was determined performing coagulometric method with the use of ProC AcR Kit (Siemens Healthcare Diagnostics), whereas FPC activity and TM concentration were measured by ELISA using Asserachrom Thrombomodulin and Asserachrom Free Protein S (Diagnostica Stago, Asnières, France), strictly according to the producer's recommendations. In all representatives, the estimation of basic coagulation parameters, such as international normalized ratio (INR), activated partial thromboplastin time (APTT) and fibrinogen concentration, was also determined with routinely used methods.
The study plan had obtained the Ethics Committee approval and permission.
To compare the means between the examined and the control group, we used an analysis of covariance (ANCOVA). The results were adjusted for age and gender. Correlations between quantitative variables were assessed by the Spearman rank correlation method. A significance level of 0.05 was used in this study. Bonferroni-corrected P values are reported, however since this study was rather exploratory than a confirmatory one and the use of Bonferroni correction is a matter of debate (22), we decided not to take this adjustment into account. All calculations were performed with the use of the Statistica 8.0 statistical package (StatSoft, Inc., Tulsa, OK, USA).
Results
The results of hormonal studies in patients with SCS are shown in Table 1 . The comparison of the examined coagulation parameters between the patients with SCS and the healthy individuals is summarised in Table 2 . We observed that mean PC activity and mean FPS activity were higher in the SCS group compared with the control group and we found these differences to be statistically significant. Mean TM concentration was lower in patients with SCS compared with the control group and this difference was also found to be statistically significant. These results are depicted in Fig. 1 . The differences in APCR and AT activity were not significant.
We also analysed the relationship between the coagulation parameters and the hormonal parameters. There was no statistically significant correlation between FPS, PC, AT activity, APCR, TM concentration and serum cortisol levels after ingestion of 1 mg of dexamethasone and 24 h urinary excretion of cortisol. We did not find any correlation between the concentration of cortisol and basic coagulation parameters such as INR, APTT or fibrinogen in the group with SCS either.
In this study, we did not reveal any statistically relevant differences in analysed parameters between women and men.
Discussion
The review of available literature reveals many studies estimating coagulation and fibrinolysis systems in patients with clinical evident hypercortisolemia (4, (6) (7) (8) (9) (10) (11) (23) (24) (25) . However, there are only a few publications about the hemostatic system in patients with SCS, and additionally they only concern basic coagulation parameters (21). Tauchmanovà et al. (21) assessing cardiovascular risk in SCS patients revealed a considerably higher fibrinogen concentration among this group than among the normal comparison subjects, whereas prothrombin time and APTT remained without any statistically significant difference. Until now there are no publications about the activity of endogenous anticoagulation system in patients with SCS. Our study concerned among activity of PC, FPS and AT which are endogenous inhibitors of coagulation system and which activation is initiated by thrombin accumulation. Thrombin in complex with TM, which is its receptor (26, 27 ). An important endogenous inhibitor of the coagulation system is also AT which inactivates Xa factor and thrombin, and in lesser degree, other factors such as XIIa, XIa i IXa. The deficiency of PC, PS and AT, which are inhibitors of coagulation, is an unquestionable risk factor for thromboembolic lesions development (28) . In this study, we revealed a significantly higher activity of PC and FPS in patients with subclinical hypercortisolemia than in healthy volunteers. We did not observe such differences in AT activity. The lack of publications about the evaluation of these parameters in patients with SCS makes it impossible to compare our results with the relevant literature data. There are very few studies which carry out the evaluation of endogenous coagulation inhibitors in patients with clinically evident Cushing's syndrome, yet they all revealed significantly higher activity of both PC and PS and AT in patients with hypercortisolemia (6, 7, 13) . Similar observations were also made in patients with systemic lupus erythematosus treated with glucocorticoids (29) . Therefore, we can assume that an increased activity of endogenous coagulation inhibitors occurs in patients with hypercortisolemia. The question arises why patients with this endocrinopathy more frequently have thromboembolic events if the activity of the anticoagulation system seems to be proper or even increased. Perhaps these changes are secondary to the increased procoagulation tendency in hypercortisolemia, resulting from the elevated concentration of plasma coagulation factors of both exogenous or endogenous coagulation system, particularly V and VIII factors. The increase of PC and FPS activities could be a compensatory mechanism, protecting against thrombus complications both in subclinical subjects or with clinically evident hypercortisolemia. The next estimated parameter was plasma concentration of TM that is a specific receptor for thrombin. It is released from endothelial cell membrane when the cells are damaged; hence, it is treated as a marker of endothelial injury. In this study, we revealed significant differences in TM concentration between the group with SCS and the healthy representatives. We observed lower TM concentration in subjects with subclinical hypercortisolemia. TM is a specific receptor for thrombin and in this complex leads to the activation of PC (26, 27) . Therefore, its plasma concentration can also be determined by the present thrombinogenesis process and the activity of anticoagulation system. Séguin et al. (30) proved that thrombin causes a decrease in TM expression and activity in endothelium cells, which may suggest that negative feedback between the elements of the hemostasis system, upsets the balance between thrombin generation and the production of activated PC.
Hence, lower TM concentration in patients with SCS can be the result of an increased thrombin generation and PC and FPS activity in this group of patients. It also has to be emphasised that after binding to TM, thrombin loses its ability to clot fibrinogen and aggregate thrombocytes. Therefore, a low concentration of TM, which is a receptor for thrombin, can have an indirect procoagulation effect.
There is no available literature about the estimation of TM concentration or other endothelial function parameters in patients with SCS, what makes the comparison of obtained results impossible. What deserves our attention, however, is the study by Jilma et al. (31) who stated the lack of dexamethasone influence on soluble TM concentration in healthy representatives. However, those studies concerned healthy men after steroid infusion. The influence of long-lasting subclinical hypercortisolemia on TM concentration can be different.
The next estimated parameter was APCR, whose defect is also the cause of evolution of vascular changes. In w90% of cases APCR is a result of the Factor V Leiden mutation. This changed factor maintains its procoagulation activity and does not undergo proteolysis by activated PC. Apart from Factor V Leiden mutation, other revealed causes of an increased factor V resistance to activated PC were: a low concentration of PS or tissue factor pathway inhibitor, pregnancy, use of hormonal contraception, antiphospholipid syndrome, autoimmune connective tissue disorders with antibodies against PS or PC, which incurs their decreased concentration (32, 33) . In our study, we did not find statistically significant differences in APCR between both analysed groups. Therefore, it seems that patients with subclinical hypercortisolemia do not present an increased factor V resistance to activated PC. Estimating coagulation system parameters in patients with hypercortisolemia, we have to pay attention to the metabolic disturbances occurring such as obesity, diabetes mellitus or hypertension. The studies of the endogenous coagulation system parameters concern mainly obese patients and their results are equivocal. In their study, Batist et al. (34) revealed a noticeably lower activity and concentration of AT in obese patients. Great majority of researchers, however, did not confirm those results. De Pergola et al. (35, 36) did not find significant differences in PC and AT activity between obese and healthy men, yet in obese women they proved a substantial increase in PC activity. Those results were also confirmed by Bowles et al. (37) , who revealed a positive correlation between BMI and the activity of this parameter. There are also discrepancies in literature considering TM plasma concentration in obese patients. However, most of researchers confirm a noticeably higher concentration of this glycoprotein in obese patients, especially those who met the criteria of metabolic syndrome (38, 39) . The authors of this study selected the control group with suitable BMI to exclude the influence of obesity on the estimated parameters.
The dependence between the estimated parameters and disturbances of carbohydrate metabolism has not been completely indicated in the hitherto prevailing studies. Sumida et al. (40) did not reveal any differences in TM activity between the patients with insulindependent diabetes mellitus and healthy controls. Most studies seem to confirm an increased TM concentration or PS activity in patients with diabetic complications, especially diabetic nephropathy (41) (42) (43) . Such patients were not included in our study. There are also reports according to which patients with hypertension presented an increased TM concentration in comparison with normotensive controls (44) . In this study, however, we revealed statistically lower activity of TM in the group with SCS than in the healthy controls, despite hypertension in 57% of the study participants. Therefore, hypertension did not have any influence on study results.
The interpretation of the obtained results is difficult due to the lack of opportunities to compare the results with other studies. There is no comparison of the estimated parameters of coagulation system between SCS patients and clinically manifested hypercortisolemia in our study, which also imposes certain limitations. However, our results raise an issue of estimation of the hemostatic balance in patients with SCS. Up to now, there are no available publications estimating parameters investigated by our team in subjects with subclinical hypercortisolemia. Most of the investigators have concentrated on the increased risk of cardiovascular complications in this group (21, 45) . Until now, the risk and incidence of thromboembolic events as well as recommendation for prophylactic anticoagulation therapy in patients with SCS have not been established.
The results of the presented study still leave lots of questions and need to be confirmed by further investigations with larger population and determination of other coagulation and fibrinolysis parameters. It is of especially high importance for establishing the indications for prophylactic anticoagulation in those groups of patients.
Conclusions
On the basis of the obtained results, we can conclude that in comparison with healthy controls, patients with SCS present disturbances in endogenous anticoagulation system defined as PC, FPS activity and TM concentration. This finding suggests an impact of mild autonomic cortisol overproduction on coagulation system.
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